In this issue of Clinical Cancer Research, Whatcott and colleagues overturn an entrenched dogma in the pancreatic cancer field: the belief that metastatic lesions have less stroma than primary tumors (1) . Pancreatic ductal adenocarcinoma (PDA) is an aggressive cancer with median overall survival of 6 to 10 months and a 5-year survival rate of just 7% (2) . PDA rapidly metastasizes to the liver, lung, and peritoneum and the majority of patients eventually succumb with widespread metastatic burden.
A striking pathologic feature of the disease is the extensive fibroinflammatory stroma that can dominate up to 90% of the area of the tumor. This stromal "desmoplasia" is composed of dozens of distinct cell types (fibroblasts, myeloid and lymphoid lineages, endothelial cells, and neuronal cells) as well as an extracellular matrix (ECM) composed of a complex arrangement of macromolecular constituents such as hyaluronic acid and various collagens. The role played by the stroma in tumor pathology has been a point of conjecture and study for over 150 years (3) . Originally viewed as an inflammatory response to a "wound that does not heal," the stroma is now understood to play a dynamic and active role in disease pathogenesis, with elements that can both promote and restrain cancer. For example, multiple stromal cell types contribute to create a highly immunosuppressive microenvironment that is critical to tumor maintenance. Conversely, certain stromal fibroblasts convey prodifferentiation signals to the neoplastic epithelium that can serve to limit tumor growth (4, 5) . One surprising feature of pancreatic cancer stroma is that it contains relatively few functional blood vessels, due at least in part to the effects of high interstitial fluid pressure (6, 7) .
Earlier studies of mouse and human pancreatic tumors led to the understanding that the ECM-rich, vasculature-poor stroma of PDA limits the delivery of small molecules into the tumor parenchyma (7) . This realization has led to several mechanistically distinct efforts to therapeutically target the tumor stroma to facilitate drug delivery (6) (7) (8) (9) . Initial clinical efforts to target stromal fibroblasts using Smoothened inhibitors were unsuccessful due to unexpected negative consequences from the loss of tumor fibroblasts (4, 5) . However, efforts to target ECM components should achieve the same goal while leaving fibroblasts intact. One such agent, PEGPH20 (Halozyme Therapeutics) is currently in phase II clinical trials.
It is in this context that Whatcott and colleagues provide a fundamental description of the stromal content of PDAs, a dataset that was glaringly absent from the literature. In particular, they focused on the stromal content of primary tumors compared with metastases because of the common belief that metastases do not have as much stroma as primary tumors. Given the extensive metastatic burden found in most late-stage patients, if this were true, one might predict that stroma-targeted therapy combinations will be effective in reducing primary tumor volume but prove less effective in restraining metastases and, by extension, in extending patient survival.
Whatcott and colleagues carried out a pathology analysis on a collection of primary and metastatic pancreatic tumors. Through extensive quantification of unmatched primary and metastatic tissue samples from 50 patients, as well as matched samples from 7 patients, they assessed the extent and character of desmoplasia in primary tumors versus metastases. Contrary to expectations, they found that primary and metastatic lesions harbor similar levels of the ECM molecules collagen I and collagen III. Metastases had slight decreases in collagen IV and hyaluronic acid and a slight increase in the activated fibroblast marker a-smooth muscle actin (a-SMA). Taken together, their data suggest that PDA metastases harbor a stromal composition that is largely similar to that of primary tumors.
Given these findings, one might predict that chemotherapytreated patients with stroma-poor pancreatic tumors should live longer than those with more desmoplastic cancers. Indeed, by stratifying the tumors from their study based on expression thresholds, Whatcott and colleagues found that patients with high levels of collagen I, collagen IV, or hyaluronic acid had significantly reduced overall survival (and a similar, but nonsignificant, trend for collagen III). In contrast, there was no difference in overall survival for tumors with high versus low a-SMA expression. These results are consistent with the idea that the desmoplastic stroma of PDA interferes with drug delivery. However, this point could not be directly addressed because, unfortunately, treatment data were not available for the patients in this cohort. The alternative possibility is that ECM components directly promote tumor progression independent of drug treatment. Another implication is that tumors with low ECM content may not benefit as much from stroma-targeted therapies. Indeed, a post hoc subgroup analysis of PDA patients in a phase I trial of PEGPH20 þ gemcitabine found that the partial response rate was twice as high in tumors with elevated hyaluronic acid staining compared with low (10) .
The fibroinflammatory stroma observed in metastatic lesions is not present when the first metastatic cells arrive in a distal tissue bed. A healthy liver contains a small number of hepatic stellate cells (a type of fibroblast) and very little collagen. Tumor cells arrive from the vasculature and lodge in the liver sinusoids as single cells or perhaps small clusters. They then dramatically remodel their local environment to replicate their previous home (Fig. 1) . But why do this? What is the selective pressure that leads to this outcome?
The most obvious answer is that micrometastases must evade engagement by the host immune system. A single pancreatic tumor cell travelling through the body is put at mortal risk by neoantigens expressed from the dozens of genetic alterations typically found in its genome. Experiments that measure the frequency of circulating tumor cells in the blood of pancreatic cancer patients have found that there are large numbers of tumor cells shed into circulation (11) . Yet the number of established metastases that arise in most patients is low by comparison, suggesting that the immune system is actually quite efficient at hunting them down. To survive, the nascent metastatic cell must quickly re-establish an immunosuppressive microenvironment. If epithelial-to-mesenchymal transition facilitates invasion, intravasation, and survival in circulation, then perhaps reversion to a more epithelial phenotype promotes survival following arrival at the metastatic niche. Paracrine signals that promote desmoplasia beginning at the earliest stages of neoplasia may be reengaged to attract stromal cells. It makes sense that successful metastatic cells would use familiar signaling programs; evolution works with existing tools.
The work of Whatcott and colleagues provides fundamental data about the composition of pancreatic tumor stroma. In addition to overturning the dogma that metastases are stromapoor, it establishes a basic connection between stroma and overall survival that must be further explored. With the understanding that stroma may limit drug delivery to both metastases and primary tumors, we look forward with anticipation to the outcomes of ongoing clinical trials of ECM-targeted therapies.
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